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Sarcopenia refers to the age-related decline in skeletal muscle mass, strength, quality and performance [1] , whilst diabetes mellitus (DM) is characterised by hyperglycaemia resulting from defects in insulin secretion and/or action [2] . Type 1 DM accounts for only around 10% of DM cases and does not appear to be associated with lifestyle [2] , whereas the more prevalent type 2 DM, like sarcopenia, is strongly associated with modifiable lifestyle factors, including low physical activity and poor diet [1, 2] . Both sarcopenia and DM are important risk factors for physical disability in ageing populations [1, 3] and evidence for a bi-directional relationship between these conditions is mounting. In the current issue of European Geriatric Medicine, Veronese et al. present the findings of a systematic review and metaanalysis exploring this relationship in 20 studies including over 50,000 participants. Their findings demonstrate that individuals with sarcopenia have increased likelihood for having DM, and individuals with DM have greater likelihood of having sarcopenia [4] .
The odds for sarcopenia in patients with DM were around 1.6-fold higher than for those without DM [4] . While the authors were unable to compare associations for the different subtypes of DM, type 1 and type 2 DM share several similar characteristics and complications that can increase risk for sarcopenia. Hyperglycaemia in DM leads to increased oxidative stress, advanced glycation end-product accumulation and chronic low-grade systemic inflammation, which contribute to micro-and macrovascular complications. These characteristics and complications can directly and indirectly affect all components of sarcopenia through impaired protein metabolism, mitochondrial dysfunction, neuropathy, nephropathy and myopathy [5] . However, a fundamental difference between type 1 and type 2 DM is skeletal muscle insulin resistance, which appears to be the initial metabolic defect in type 2 DM [6] . Skeletal muscle insulin resistance negatively affects protein metabolism in type 2 DM [7] and individuals with type 1 DM may initially be spared from this defect. Despite having better insulin sensitivity than type 2 DM counterparts, some forms of type 1 DM result in permanent insulinopaenia, which can potentially contribute to muscle wasting, as insulin is thought to have anabolic and anti-catabolic effects on skeletal muscle [2, 8] . Interestingly, the number of individuals with type 1 DM that display clinical characteristics associated with type 2 DM (e.g. obesity and insulin resistance) is increasing [9] , which is blurring the distinction between these subtypes of DM. This is often referred to as "double diabetes", and these individuals are at even greater risk of developing vascular complications [9] , which appears to further increase risk for sarcopenia [4] .
Indeed, Veronese et al. reported that the odds of developing sarcopenia are 2.4-fold greater in individuals with DM and an associated vascular complication compared to individuals with DM but without vascular complications [4] . Most individuals with DM will develop vascular complications, which are a leading cause of diabetes-related deaths [10] . Although vascular complications are more likely to exist in those with longer DM duration, or in individuals with poorly controlled DM, a large proportion of individuals in the earlier stages of DM are also affected [11] . Many pathologies associated with vascular complications accelerate declines in muscle health. DM is the leading cause of chronic kidney disease (CKD) [12] , which leads to increased protein excretion, metabolic acidosis, mitochondrial dysfunction, and reduced vitamin D synthesis, which are all risk factors for sarcopenia [13] . Neuropathy is another common microvascular complication that contributes to muscle strength [14] and mass declines [15] .
Macrovascular complications also contribute to sarcopenia. Peripheral artery disease (PAD) affects approximately one-quarter of individuals with DM [16] and reduced blood flow in PAD can result in ischaemia, which reduces nutrient transfer and contributes to muscle strength, mass and performance declines [17] . PAD often causes pain, which can lead to reduced physical activity in these individuals, further increasing risk for sarcopenia. Alone, vascular complications often fail to fully explain muscle deterioration in DM [18] , however, in combination with other diabetes-related pathologies, they clearly confer greater risk for sarcopenia than DM without vascular complications.
Finally, the authors observed that individuals with sarcopenia had over two-fold increased likelihood of having diabetes compared with non-sarcopenic counterparts [4] . Characteristics of sarcopenia can potentially affect metabolic health; a core component is low muscle mass, which may result in reduced glucose uptake as skeletal muscle accounts for ~ 80% of glucose clearance during euglycaemic hyperinsulinaemic conditions [19] . Another component of sarcopenia that could influence metabolic health is muscle quality. Inter-and intramuscular adipose tissue (IMAT) is a component of muscle quality that appears to modulate insulin sensitivity in human skeletal muscle [20, 21] . This is thought to occur through increased local fatty acid storage and inflammation and impaired insulin diffusion capacity and muscle blood flow [20, 22] . Furthermore, increased localised inflammation attributed to high IMAT levels [23] may worsen diabetes-related vascular complications, such as peripheral neuropathy [24] . Loss of mobility associated with sarcopenia could also contribute to reduced physical activity and subsequent increases in fat mass, further increasing risk for type 2 DM [2] .
This important meta-analysis highlights the potential synergistic relationships between sarcopenia and DM, but it should be noted that the conclusions that can be drawn are limited to some extent by the quality of existing data. In particular, as noted above, it is difficult to determine the effects of the different subtypes of DM, and specific complications, on risk for sarcopenia given that these are often grouped together. Similarly, numerous definitions of sarcopenia were used in the included studies, ranging from definitions based on low muscle mass or strength alone, to multicomponent definitions that are more consistent with current recommendations for sarcopenia case-finding; notably, there are no studies available investigating the associations of sarcopenia and DM that apply the European Working Group on Sarcopenia in Older People's recently revised definition of sarcopenia [1] . Importantly, only two studies were identified that were longitudinal in nature and so causation in the relationship between sarcopenia and DM is poorly understood. High-quality longitudinal studies are required which include appropriate diagnosis of DM (specifying the subtype), measurement of diabetic complications, and assessment of muscle outcomes consistent with multicomponent definitions of sarcopenia.
Nonetheless, the data presented by Veronese et al. highlight that there is a substantial population of adults with co-morbid DM and sarcopenia, indicating that increased screening for sarcopenia is warranted in those with DM, and vice versa. There is currently a lack of evidence from interventional studies assessing appropriate treatments for individuals with co-morbid DM and sarcopenia, but conventional lifestyle therapies, including dietary modification and increased physical activity, are recommended to treat both conditions. Given the complexity of both conditions, lifestyle interventions need to be highly personalised. An effective intervention for obese individuals with DM is caloric restriction [25] , which can potentially be combined with increased protein intake to ensure maintenance of muscle mass during weight loss [26] . However, it should be noted that increased protein intake may be contraindicated in individuals with diabetic CKD [27] . Regarding physical activity, combined aerobic and resistance exercise is effective for treating DM and sarcopenia, as both exercise modalities provide distinct cardiovascular and musculoskeletal benefits [28, 29] . Recently, Villareal et al. demonstrated that combined aerobic and resistance exercise during weight loss is the most effective exercise modality for improving physical function scores (increased 21%) in obese older adults with mild-to-moderate frailty [compared to aerobic exercise plus weight loss (increased 14%), resistance training plus weight loss (increased 14%) and no exercise or weight loss (increased 4%)] [30] . The combined aerobic and resistance exercise group also increased total one-repetition maximum strength scores by 18%, despite losing 3% total body lean mass [30] . Thus, maintenance of muscle quantity is potentially not necessary to maintain muscle strength and function, but it should remain a key target for individuals with DM due to its beneficial effects for metabolic health. The most effective lifestyle intervention in individuals with co-morbid DM and sarcopenia may therefore be combined aerobic and resistance training without caloric restriction, but randomised controlled trials are required to compare the effects of exercise and weight loss, both alone and in combination, in this population.
Although there are various pharmacological treatments for DM, there are currently no approved pharmacological treatments for sarcopenia. Promising interventions for sarcopenia include selective androgen receptor modulators [31] and activin type IIB receptor antagonists [32] . These drugs have demonstrated efficacy for improving muscle mass, but their ability to improve muscle strength and performance, particularly in sarcopenic populations, remains unclear [33] . Exercise may be necessary to augment the effects of these drugs on muscle strength and performance, but interestingly, they may have positive effects on metabolic health. A recent exploratory study by Garito et al. demonstrated that a single infusion of an activin type II receptor antagonist (Bimagrumab) improved insulin sensitivity in insulin-resistant adults, independent of exercise and dietary modification [32] . This improved insulin sensitivity was not necessarily solely attributable to the increases in muscle mass that occurred in the treatment group; the authors suspected that improvements in muscle quality, losses in fat mass and favourable energy balance also contributed to this outcome [32] . The safety, pharmacokinetics and efficacy of Bimagrumab for overweight and obese patients with type 2 DM are currently being further investigated (NCT03005288).
In summary, Veronese et al. have provided further evidence of a bi-directional relationship between sarcopenia and DM, and that vascular complications in DM further increase the odds of developing sarcopenia. There are a multitude of pathologies associated with sarcopenia and DM that can accelerate declines in metabolic and muscle health, respectively, and prevention and early intervention are crucial to maintain health and independence in patients with either, or both conditions.
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